Transcription begins when RNA polymerases (RNAP) recognize specific promoter sequences in double-stranded (ds) DNA. In bacteria, binding of the RNAP holoenzyme (holoE)-which consists of the core subunits α 2 ββ′ω and a σ factor-to promoter DNA triggers a series of conformational changes that destabilize the DNA duplex. As a result, the template and nontemplate strands unwind and separate from the −10 region to just beyond the start site at +1 (Helmann and deHaseth, 1999; Kontur et al., 2006) . Although core RNAP has a high affinity for singlestranded (ss) DNA and progressively separates the DNA strands in front of the active site during elongation, this subunit assembly cannot open DNA and initiate transcription from intact duplex DNA. The ability to "melt" DNA during transcription initiation is conferred by "housekeeping" σ specificity subunits (σ 70 in Escherichia coli, σ A in Bacillus subtilis), which by themselves cannot bind to either ds or ssDNA due to the presence of a negatively charged autoinhibitory domain (region 1.1; Helmann and deHaseth, 1999) . The interaction between core RNAP and σ allows promoter recognition, opening of the start site, and subsequent initiation of transcription. In this issue of Cell, Hsu et al. (2006) add a twist to our current understanding of transcription initiation by demonstrating that a truncated σ A variant can recognize and alter the conformation of the start site region of promoter DNA in the absence of core RNAP. Hsu et al. (2006) report that when region 1.1 of B. subtilis σ A is deleted, this σ variant (termed SND100-σ A ) binds both specifically and nonspecifically to a DNA fragment containing a promoter sequence. To detect DNA opening in these complexes, the authors exploit the use of potassium permanganate (KMnO 4 ), which preferentially oxidizes exposed, unstacked thymines. The specific binding between SND100-σ A and promoter DNA gives rise to marked KMnO 4 reactivity even on linear DNA fragments. Unlike a similarly truncated E. coli σ 70 variant (Young et al., 2004) , the SND100-σ A bacterial mutant does not require association with core RNAP or negatively supercoiled, underwound DNA to achieve this effect (Hsu et al., 2006) .
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In this issue of Cell, Hsu et al. (2006) report on the binding activity of a variant of the bacterial transcriptional specificity factor sigma (σ) to promoter DNA. This study demonstrates that the σ variant induces a large distortion in the transcriptional start site in the absence of core RNA polymerase, raising intriguing new questions about the roles of σ and core RNA polymerase in transcription initiation. (Bochkarev et al., 1998) .
In holoE, conserved region 2 of the σ factor lies at the upstream entrance of the active site channel of RNAP formed by the apposition of the β and β′ subunits. Importantly, the trajectory of DNA set at −35 and the σ/core RNAP architecture require that the DNA bends sharply at approximately −10 to enter the channel (Murakami and Darst, 2003; Saecker et al., 2002; Vassylyev et al., 2002) . Possibly the KMnO 4 reactivity in SND100-σ A /promoter complexes reflects a DNA bend induced by binding of region 2. In this sense, Hsu et al. (2006) may be detecting a key event prior to DNA opening.
In the absence of direct mechanistic evidence and high-resolution structures of transcription intermediates, several models of DNA opening by holoE have been proposed (Figure 1) . Most recent models focus on the role of disruptions to helix stability caused either by active bending and distortion of the DNA by holoE or by exploiting transient, intrinsic "breathing" modes of dsDNA. By analogy with structures of DNA repair enzymes bound to their damaged targets, one proposal posits that binding interactions with RNAP flip the base at −11 on the nontemplate strand out of the DNA helix (Heyduk et al., 2006; Tomsic et al., 2001 ). This extrusion destabilizes the duplex, creating a locally unwound, unpaired −10 region, which can be stabilized by interactions with aromatic amino acids in region 2 of σ (Fenton et al., 2000; Helmann and deHaseth, 1999) . Alternatively, structures of holoE have prompted proposals that the observed narrow channel width (?15 Å) acts as a barrier to dsDNA but permits entry of the template single strand (Murakami and Darst, 2003; Vassylyev et al., 2002) . This model proposes that DNA opening occurs by transient opening of the −10 AT-rich region outside of the active channel and capture of single-strand bases by region 2 of σ. In both models, melting is initiated by interactions with σ at the upstream end of the bubble and propagates downstream to +1. This is consistent with observations of promoter complexes where KMnO 4 -reactive bases proceed from the −10 region to the start site (Helmann and deHaseth, 1999) .
Determining the mechanism of DNA opening and other conformational changes by either σ or holoE requires kinetic studies together with spectroscopic, structural, and/or single molecule analysis of intermediates. For holoE-promoter interactions in E. coli, the mechanism of open complex formation involves three steps with two kinetically significant intermediates (generically termed I 1 , I 2 ), which precede the final open complex. The ratedetermining slow conformational change occurs in the conversion of I 1 to I 2 . In I 1 , DNA from −10 to +25 is already in the active site channel of RNAP at the λP R promoter but is not KMnO 4 reactive (Saecker et al., 2002) . These results alone appear to rule out a general requirement for DNA melting to occur outside the channel. The intermediate I 2 is highly transient. Indeed, characterization of I 2 at any promoter is in its infancy. A plausible model is that opening is nucleated by formation of the bend at −11 in I 1 . Figure 1 depicts two possible models for how opening is propagated. As yet there is little direct evidence to distinguish between either model of I 2 . Recent progress has been rapid figure 1. Proposed conformational changes in Promoter DnA during Transcription Initiation A series of conformational changes in promoter DNA that may be involved in opening the transcription start site in the active site channel of RNA polymerase (σ and core RNA polymerase not shown). In the first intermediate (I 1 ), DNA bends sharply at −11/−12, placing the start site in the channel. During conversion of I 1 to the second intermediate (I 2 ), we propose that DNA opening is nucleated by base flipping and capture of −11A by σ region 2. This step may involve unwinding (but not unpairing) one helical turn to +1 (I 2 , left). Alternatively, base flipping in this step may involve unpairing the −10 region, which forms the upstream half of the transcription bubble (I 2 , right). In either case, the conversion of I 2 to the RNA polymerase open complex completes the process by unpairing the strands at +1 and placing the template base in the active site. The relationship between these intermediates formed by holoE- and σ-promoter-DNA complexes remains to be determined. as many different research groups focus on these fundamental questions in transcription initiation. Past success from intensive efforts in the field suggests that new and probably surprising answers will arrive soon.
